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ORGANOPHOTORECEPTOR WITH CHARGE TRANSPORT 
MATERIAL HAVING FLUORENONE HYDRAZONE GROUPS 

FIELD OF THE INVENTION 

This invention relates to organophotoreceptors suitable for use in 
electrophotography and, more specifically, to organophotoreceptors having a charge 
transport material with at least two fluorenone hydrazone groups. 

BACKGROUND OF THE INVENTION 

In electrophotography, an organophotoreceptor in the form of a plate, disk, sheet, 
belt drum or the like having an electrically insulating photoconductive element on an 
electrically conductive substrate is imaged by first uniformly electrostatically charging 
the surface of the photoconductive layer, and then exposing the charged surface to a 
pattern of light. The light exposure selectively dissipates the charge in the illuminated 
areas where light strikes the surface, thereby forming a pattern of charged and uncharged 
areas, referred to as a latent image. A liquid or solid toner is then provided in the vicinity 
of the latent image, and toner droplets or particles deposit in the vicinity of either the 
charged or uncharged areas to create a toned image on the surface of the photoconductive 
layer. The resulting toned image can be transferred to a suitable ultimate or intermediate 
20 receiving surface, such as paper, or the photoconductive layer can operate as an ultimate 
receptor for the image. The imaging process can be repeated many times to complete a 
single image, for example, by overlaying images of distinct color components or effect 
shadow images, such as overlaying images of distinct colors to form a full color final 
image, and/or to reproduce additional images. 

Both single layer and multilayer photoconductive elements have been used. In 
single layer embodiments, a charge transport material and charge generating material are 
combined with a polymeric binder and then deposited on the electrically conductive 
substrate. In multilayer embodiments, the charge transport material and charge 
generating material are present in the element in separate layers, each of which can 
30 optionally be combined with a polymeric binder, deposited on the electrically conductive 
substrate. Two arrangements are possible for a two-layer photoconductive element. In 
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one two-layer arrangement (the "dual layer" arrangement), the charge-generating layer is 
deposited on the electrically conductive substrate and the charge transport layer ts 
dep.si.ed on top of the charge generating layer. In an alternate two-layer arrangement 
(the "inverted dual layer" arrangement), the order of the charge transport layer and charge 
generating layer is reversed. 

In both the single and multilayer photoconductive elements, the purpose of the 
charge generating material is to generate charge carriers (i.e., holes and/or electrons) 
upon exposure to Hght. The purpose of the charge transport material is to accept at least 
one type of these charge carriers and transport them through the charge transport layer ,n 
order to facilitate discharge of a surface charge on the photoconductive element. The 
charge transport material can be a charge transport compound, an electron transport 
compound, or a combination of both. When a charge transport compound ts used, the 
charge transport compound accepts the hole carriers and transports mem through the 
Uyer with the charge transport compound. When an electron transport compound ts used, 
the electron transport compound accepts the electron carries and transports them through 
the layer with the electron transport compound. 



SUMMARY OF THE INVENTION 

This invention provides organophotoreceptors having good electrostatic 

20 properties such as high V,* and low Vdi S . 

In a first aspect, an organophotoreceptor comprises an electrically conducttve 
substrate and a photoconductive element on the electrically conductive substrate, the 
photoconductive element comprising: 

(a) a charge transport material having the formula 
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where n is an integer between 2 and 6, inclusive; 

Rl and R 2 are, independently, an alkyl group, an alkaryl group, or an aryl group 
with the proviso that neither R, nor R 2 is a naphthyl group, a stilbenyl group, 
alkylsulfonylphenyl group or a (9H-fluoren-9-ylidene)benzyl group; 

R 3 and R, are, independently, H, halogen, carboxyl, hydroxyl, thiol, cyano, mtro, 
aldehyde group, ketone group, an ether group, an ester group, a carbonyl group, an alkyl 
group, an alkaryl group, or an aryl group; 

X is a linking group having the formula -(CH 2 V, branched or linear, where m ,s 
an integer between 0 and 20, inelusrve, and one or more of the methylene groups ean be 
op.iona.ly replaced by O, S, C=0, OS-O, a heterocyclic group, an aromattc group, 
methane, urea, an ester group, a NR 5 group, a CHR, group, or a CRtRs group where R s , 
fc. R, and Rs are, independently, H, an alky, group, an alkaryl group, a he.erocychc 

group, or an aryl group; and 

Y comprises abond, C,N, 0, S, a branched or linear <CH,V ^oup wherep . an 
integer between 0 and ,0, an aromatic group, a cyc.oalky, group, a heterocyclic group, or 
a NR, group where R, is hydrogen atom, an alkyl group, or aryl group, wherem Y has a 
structure selected to form n bonds with the corresponding X groups; and 
(b) a charge generating compound. 
20 The organophotoreceptor may be provided, for example, in the form of a plate, a 

flexible belt, a flexible disk, a sheet, a rigid drum, or a sheet around a rigid or comphant 
drum In one embodiment, the organophotoreceptor includes: (a) a photoconducttve 
element comprising the charge transport material, the charge generating compound a 
second charge transport material, and a po.ymeric binder; and (b) the electncally 

25 conductive substrate. . 

to a second aspect, tire invention features an electrophotography tmagtng 
apparatus that comprises (a) a light imaging component; and (b) the above-described 
organophotoreceptor oriented to recetve light from the light imaging component The 
apparatus can fruther comprise a liauid toner dispenser. The metitod of 

30 electrophotographic imaging with photoreceptors, containing tire above noted charge 
transport materials, is also described. 
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In a third aspect, the invention features an electrophotographic imaging process 
that includes (a) applying an electrical charge to a surface of the above-described 
organophotoreceptor; (b) imagewise exposing the surface of the organophotoreceptor to 
radiation to dissipate charge in selected areas and thereby form a pattern of at least 
5 relatively charged and uncharged areas on the surface; (c) contacting the surface with a 
toner, such as a liquid toner that includes a dispersion of colorant particles in an organic 
liquid, to create a toned image; and (d) transferring the toned image to a substrate. 

In a fourth aspect, the invention features a charge transport material having the 

general formula (1) above. 
10 The invention provides suitable charge transport materials for 

organophotoreceptors featuring a combination of good mechanical and electrostatic 
properties. These photoreceptors can be used successfully with liquid toners to produce 
high quality images. The high quality of the imaging system can be maintained after 
repeated cycling. 

15 Other features and advantages of the invention will be apparent from the 

following description of the particular embodiments thereof, and from the claims. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

An organophotoreceptor as described herein has an electrically conductive 
20 substrate and a photoconductive element comprising a charge generating compound and a 
charge transport material having two fluorenone hydrazone groups linked through a 
linking group. These charge transport materials have desirable properties as evidenced 
by their performance in organophotoreceptors for electrophotography. In particular, the 
charge transport materials of this invention have high charge carrier mobilities and good 
25 compatibility with various binder materials, and possess excellent electrophotographic 
properties. The organophotoreceptors according to this invention generally have a high 
photosensitivity, a low residual potential, and a high stability with respect to cycle testing, 
crystallization, and organophotoreceptor bending and stretching. The 
organophotoreceptors are particularly useful in laser printers and the like as well as fax 
30 machines, photocopiers, scanners and other electronic devices based on 
electrophotography. The use of these charge transport materials is described in more 
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detail below in the context of laser printer use, although their application in other devices 
operating by electrophotography can be generalized from the discussion below. 

To produce high quality images, particularly after multiple cycles, it is desirable 
for the charge transport materials to form a homogeneous solution with the polymeric 
5 binder and remain approximately homogeneously distributed through the 
organophotoreceptor material during the cycling of the material. In addition, it is 
desirable to increase the amount of charge that the charge transport material can accept 
(indicated by a parameter known as the acceptance voltage or "V acc "), and to reduce 
retention of that charge upon discharge (indicated by a parameter known as the discharge 

10 voltage or "V d is")- 

The charge transport materials can be classified as charge transport compound or 

electron transport compound. There are many charge transport compounds and electron 
transport compounds known in the art for electrophotography. Non-limiting examples of 
charge transport compounds include, for example, pyrazoline derivatives, fluorene 
15 derivatives, oxadiazole derivatives, stilbene derivatives, hydrazone derivatives, carbazole 
hydrazone derivatives, triaryl amines, polyvinyl carbazole, polyvinyl pyrene, 
polyacenaphthylene, or multi-hydrazone compounds comprising at least two hydrazone 
groups and at least two groups selected from the group consisting of p-(N,N- 
disubstituted) arylamine such as triphenylamine and heterocycles such as carbazole, 
julohdine, phenothiazine, phenazine, phenoxazine, phenoxathiin, thiazole, oxazole, 
isoxazole, dibenzo(l,4)dioxine, thianthrene, imidazole, benzothiazole, benzotriazole, 
benzoxazole, benzimidazole, quinoline, isoquinoline, quinoxaline, indole, mdazole, 
pyrrole, purine, pyridine, pyridazine, pyrimidine, pyrazine, triazole, oxadiazole, tetrazole, 
thiadiazole, benzisoxazole, benzisothiazole, dibenzofuran, dibenzothiophene, thiophene, 
25 thianaphthene, quinazoline, or cinnoline. 

Non-limiting examples of electron transport compounds include, for example, 
bromoaniline, tetracyanoethylene, tetracyanoquinodimethane, 2,4,7-trinitro-9-fluorenone, 
2 4 5 7-tetranitro-9-fluorenone, 2,4,5, 7-tetranitroxanthone, 2,4,8-trinitrothioxanthone, 
2 V,8-trimt^^ and 1.3,7-trinitrodibenzo 

30 thiophene-5,5-dioxide, (2,3-diphenyl-l-indenylidene)malononitrile, 4H-thiopyran-l,l- 
dioxide and its derivatives such as 4-dicyanomethylene-2,6-diphenyl-4H-thiopyran-l,l- 



20 



5 



Attorney Docket No. 3216.25US01 (SIL-03-140) 

r^etricaUy substituted .^aryMH-ttuopyran-U-^e such . * 

^^y^y^y^y^y^y^y^ md 4H - u ; dloxo \ 

„ P y^yl)M2-^ynM«oy°^™™^*™- 
5 LUs-oyclohexaoiene, a^ycatbony^enyiioene)™— le denvattves 
Lb as ( 4-„-bu,oxycarbony,-9.fluo re „y 1 ideue, m a 1 o„on 1 «n 1 e, (^oxyo^ 
fluore nylidene>ma,ononitriM^^^ 

„. b utoxycatb„ny,-2,7-di„itto.9- fl uore n y li de„e)-n.al„ n ate, m thra q u,nod— 
derivatives such as u.n.n^-tettacyano-Mkylanthraquinodimctbane and 1,1 - 

10 dlC ya„o4y 2-bis(e,boxyca« — "cbtrT^ 

chloro-10-[bis(cthoxycaibonyl)niethylene]antnrone, • 10 

L.hy.ene]anthrone, and .-cyano-lO-tbiWatbonyDmetbylenOantoone, 7-nttro-2- 
Jfl.oenybdene-^a.onottitti.e, diphenoquinone denvattves, begone 

,, derivatives, naphtoquinone derivative,, qunune — • 

tenacyanoetbylenecyanoetbylene, 2AS.ttin.tto Ibioxantone, dtntttobenzene — « , 
din—acene derivatives, dinittoacridine derivatives, nittoanthraqumone denvat, es 
dinittoanthraquinone derivatives, succtnic anhydnde, ntaleic anhydnde dtbromo m*c 
^ydnde, pyrene derivattves, carbazole denvattves, bygone denvattv^ HN- 

20 diafcyl-ne denvattves, diphenylamnre derivatives, tttphenyl — 
tripbenylmetttane denvattves, tettacyano quinoedtmethane, 2,4,5,7-tettanttto 9 
Jorenone, 2A 7 -tttnitto-,d i cyano m e t by,ene fhr„ren„ne, 

denvattves, and 2,4,8-ttrnittothioxanthone derivattves. bt some embo ,men.s « 
to electron transport compound comprises an (alkoxyearbony 1- - 
25 fl U o r enyhdene)ma,onomtri,e derivative, such as (4-n-hu,oxycarbonyl-9- 

fluorenylidene)malononitrile. 

Although there are many charge tnmspon materials avai,ab,e, there ts a need or 
0 ,her charge transport materials to tnee, the various retirements of partteular 
electrophotography applications. 
30 to electrophotography applications, a charge-generattng compound wnhtn an 

„ ^photoreceptor absorbs light to form e.ectton-hde pairs. These e.ecttons and holes 
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.oeaUy a surface charge tha, is generating the f,e,d. The drscharge of the fie.d ^ 
par.icu.at location resutts in a surface charge pattern tha, essentia,!, matches tire pattern 
drawn with the tight. This charge pattern then can he used to guide toner deposttton The 
5 charge transport materia, described herein are espeeiaUy effective a, transporting charge, 
and in particuia, electrons from tire e,ee«ron-ho,e pahs formed hy the charge generattng 
compound, fa some emhodiments, a specific electron ttanspott compound or c arge 
.anspott compound can also he used along with the charge transport matenal of tins 

I0 '"""'The layer or layers of matena.s containing the charge generating compound and 
the charge ttanspott materials are within an organophotoreeeptor. To print a two 
dimension, image using the organophotoreeeptor, the organophotoreeeptor has a two 
dimension, surface for forming a, .east a portion of the image. The mag,ng proc« 
th en continues hy cyc.ing the organophotoreeeptor .0 complete the formatton of the entire 
15 image and/or for the processing of subsequent images. 

The organophotoreeeptor may be provided in the form of a plate, a flex,b,e be.., a 
disk, a ngid drum, a sheet around a rigid or comptiant drum or the tike. The^arge 
trans pott materia, can he in the same ,ayer as the charge generattng eompoun and, r 
different ,ayer from the charge generating compound. Additiona. .ayers can be used aUo, 

20 as described further below. 

to some embodiment the organophotoreeeptor materia, compnses, for example. 
(a) a charge ttanspott .ayer comprising the charge transport materia, and a po.ymenc 
binder; (b) a charge generating layer comprising the charge generating compound and a 
po,ym hinder; and (c) the e.ectricatiy conductive substrate. The charge ttanspott 
25 ay^y be tnterntediate between the charge generating .ayer and the e—y 
Iductive subsfra, A— , the charge genetating ,ayet may be — - 
between ttte charge ttanspott .ayer and the e.ectricatiy eonducttve subsfra*. In **** 
emhodiments, the organophotoreeeptor materia, has a single .ayer wtth both a charge 
t^sport matertal and a charge generating compound within a po.ymenc btnder. 

The organophotoreceptors can be incorporated into an e.ectrophoto^phtc 
im a,„g apparatus, such as .aser pnnters. fa these devices, an tmage is fotmed from 
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phys ical embodiments and converted to a Ugh. image that is scanned onto the 
r anopho,orecep,or to form a surface ,,en, image. The snrfaoe — 
used to attrac, toner onto the surface of the ^photoreceptor, m whtch ,h to 
imag e is the same or the negative of the Ugh. image proved on.o 

5 org lpho,orecep,or. The .oner can he a li,uid .oner or a dry .oner. The tonerts 
«,, y — from me snrface of .he organoph„.orecep.or, ,o a rec^rg 
surface, snch as a shoe, of paper. After me .ransfer of .he .oner, the enttre surfer 
discharged, and .he materia! is ready to cycle again. The imaging apparattrs can further 
comp ri!e, for example, a p.nrahty of snpport roUers for ttnnsporting a paper recerv, g 

,0 medium and/or for movement of .he photoreceptor, a Ugh. rmagmg component wtth 
snirah, optics to fomr .he Ugh, image, a Ugh. scarce, snch as a laser, a toner sonrce and 
delivery system and an appropriate control system. 

An electrophotographic imaging process generaUy can comprise (a, applymg an 
.corneal charge ,o a snrface of me ahove-desenhed organopho,orecep,or; (h) imagewrse 

15 exposing .he snrface of the organopho.orecep.or to radiation .o drssrpate charg 

(e) exposing me snrface wtth a .oner, snch as a U q nid toner tha, indudes a drsperarm. 
II, P artic,es in an organrc Uquid ,o crea,e a toner image, ,o attrac, ,oner * ,he 
Iged or drscharged regions of ,he organopho,orecep«or; and (d) ttansfcmng me ,oner 

20 herem, an organopho,orecep,or comprrses a charge ttanspor, 

material having the formula 




— ' (1) 



25 where n is an 



integer between 2 and 6, inclusive; 
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Ri and * a., independent*, an *fi group, an atory. group, ot an aryl group 

alkvlaulfonylphenyl gronp or a (9H-fluoren-9-yudene)bet>zyl gronp; 

^ Z R4 are^ independently, H, halogen, carboxyl, hydroxy,, thio,, eyano, nttro 

group, an alkaryl group, or an aryl group; 

X is a Unking gronp having the fon„u,a -(CH 2 )„-, branched or hnear, where m ,s 
a „ integer between 0 and 20, indusive, and one or more of me methylene groups rs 
optiona ,y replaced by O, S, C=0, 0=S=0, a heterocyclic gronp, an aromatrc^oup, 

MP oroun a CHR6 group, or a CR 7 R 8 group where R 5 , 
1 0 urethane, urea, an ester group, a NR 5 group, a wik* gr p, 

10 uretnane, a heterocychc 

R,, R 7 , and Rs are, independently, H, an alkyi group, 

group, or an aryl gronp;and ^ ? . _ 

Ycompnsesabond,C,N,U,b,aDranuicu 

integer between 0 and 10, an aromatic group, a cycloalky. ^onp, a heterocychc group, 
15 where » is hydrogen atom, an afcyl group, or ary, g.up, wherern V has a 

stmcmre selected to form n bonds with the corresponding X groups. 

Snbsnnrnonis HberaUy ..owed on the chemic, gronps » affect vartous phy,e, 
effects on Ore properties of the compounds, such as mobility, senstttvt.y, so nbtlt.y 
itty and tb like, as is known generally in the art. In «he descriptron of cbemrca 
20 t L, there are certatn practices common to me ar, tha, are reflected - 
language. Tbe term ^oup indicates ma. me generioally recrted chemtca enttty («. 
Z L *** Sronp. aromatic group, etc, may have any substituent thereon wh*h 
t — , with the bond stmcmre of mat group. For example, where the term a*yl 
JZt used, that term would no, only include unsubstttuted Itner, branches ^ycUc 
25 ly, , such as methyl, ethyl, isopropyl, tert-bntyl, cyclohexyl, dodecyl and m £ « 
Z snbs.ib.ents such as bydroxyemyl, cyanobutyl, ,,2,3-bicbloropropane^ 
However as is consistent with such nomenclature, no substttubon would be tncluded 

3 „ nnorophlyl, ortbocyanopbeny,, ^^^Z^ 
acceptable within the terminology, while substitute of U,2,2,3,3.hexamethy.p 
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would no. be acceptable as that substitution would require the ring bond structure of the 
pheny. ^oup to be altered to a non-aromatic form because of .he snbs.ittt.ion. Aromatte 
group is a group comprises a 4n + 2 pi electton system where n is any integer. When 
referring to an aromatic group, me subs.i.uen. ci.ed will include any substitution .ha. does 
„o. substantively aUer the chemical nature of the 4n + 2 pi electton system in the axomatte 
„„up Where the term moiety is used, such as alky, moiety or phenyl motely, ma. 
terminology indica.es .ha, the chemical material is not substituted. Where me term alky. 
m0 iety is used, mat term represents only an unsubstituted alkyl hydrocarbon group, 
whether branched, straight chain, or cyclic. 

Org anophotoreceptors 

The organophotoreceptor may be, for example, in the form of a plate, a sheet, a 
flexible belt, a disk, a rigid drum, or a sheet around a rigid or compliant drum, wnh 
flexible bete and rigid drums generally being used in commercia. embodiments. The 
organophotoreceptor may comprise, for examp.e, an electrically conductive substrate and 
on the electtically conductive substrate a pho.oconduc.ive element in the form of one or 
m ore layers. The photoconductive elemen. can comprise both a charge transport matertal 
and a charge generating compound in a oo.ymeric binder, which may or may no. be m 
.he same layer, as we., as a second charge transport materia, such as a charge transport 
, compound or an electton transport compound in some embodiments. For example, the 
charge transport materia, and me charge generating compound can be in a single layer. 
to omer embodiment, however, tire pho.ocondnctive e.emen. comprises a btlayer 
construction featuring a charge generating layer and a separate charge transport .ayer. 
The charge generating .ayer may be located in.ermedrate between me e.ectncally 
5 conductive substrate and the charge transport layer. Alternatively, .he photoconductive 
element may have a sttuchrre in which the charge transport layer is intermediate between 
the electrically conductive substrate and the charge generating layer. 

The electtically conductive substrate may be flexible, for example in .he form of a 
flexible web or a be.., or inflexible, for examp.e in .he form of a drum. A drum can have 
,0 a hollow cylindrical sttucture .ha. provides for attachmen. of the drum to a dnve ma, 
rotates me drum during .he imaging process. Typically, a flextb.e electtically conducttve 
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substrate comprises an e.ectricaUy insulating substrate and a tbin layer of electrically 
conduetive material onto whieb the photoconduetive material tsapphed. 

Tbe electrically insulating substrate may be paper or a film forming polymer such 
as polyester (e.g., polyethylene terepblhalate or polyethylene naphthalan), polytmrde 
polysulfone, polypropylene, nylon, polyester, po,ycari,ona,e, polyvrny. resm, po.y.my 
fluoride, polygene and the like. Speciflc examples of polymers for su« 
substrates included, for example, polyetbersulfone (Stabar™ S-100, avarlable from ICI) 
po.yviny. fluonde (Tedlar®, available from E.I. DuPon. de Nemours ft Company) 
olybispbenol-Apolycarbonale (Makrofol™, available from Mobay Chemica Company) 
L amorphous polyethylene terephlhalate (Melinar™, arable from 1C1 Amen , 
toe.) The electrically condnctive materials may be graphite, dispersed carbon black, 
ioaide, conductive polymers such as polypymles and Calgon* conductive polymer 26 
(commerciaUy available from Calgon Corporation, hrc, Pitsburgh, Pa.), meta 1s sue 
a,„minum, titanium, chromium, brass, gold, copper, palladium, nickel, or — ^, 
or metal oxide such as tin oxide or indrum oxide. >n embodiments of particular mfcre* 
*. electrical, conductive materia, is aluminum. Genera,,, the photocondue 
substrate has a thickness adequate to provide me reouired mechamcal stab.h, Fo 

ample, flexible web subsbates generally have a tbrckness from about 0.0, to abou 
. L,e drum substrates generally have a ,b,ekness of from about 0, mm to abou, 2 



20 mm. 
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The charge generating compound is a material that is capable of absorbing light to 
generate charge carriers, such as a dye or pigment Non-limiting examples of amiable 
Lge generating componnds include, for examp,e, metal-free pbmalocyanmes (eg 
ELA 8034 metal-free phtha,ocyanme availab.e from H.W. Sands, Inc. or Sanyo Color 
Works Ltd., CGM-X01), metal phthalcoyamnes such as titanium phtha,ocyanine, copper 
phtbatocyanine, oxytitanium phthalocyamne (also referred to as ti any 
xypbtblcyanine, and inclnding any crys,al,ine phase or mixbares of crystal ne phases 
Jean act as a charge generating compound), hydroxygallium phthalocyanme, 
souaxylinm dyes and pigments, bydroxy-substituted suuarylinm pigments peryhna.des 
poilear .uinones available from Allied Chemical Corporation under the fra enam 
Llf* Double Scarlet, Indofest* Violet Lake B, mdofas,® Brilliant Scarle, and 
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htdofas.® Orange, ouinacridones avaftab.e from DuPont under the tradename 
Monastral™ Red, Monastra.™ Violet and Monastral™ Red Y, naphthalene 1,4,5,8- 
tett acarboxy.ic aeid derived pigments inoluding the perinones, tetrabenzoporphynns and 
tetranaphthaloporphyrins, indigo- and thioindigo dyes, be„zomioxan<hene-de n va.,ves, 
pery.ene 3,4,9,-0-tetraearboxylie acid derived pigments, polyazo-pigmen* mc.udmg 
bisazo-, trisazo- and tetiakisazo-pigmems, polymemine dyes, dyes containing quinazohne 
groups, tertiary amines, amorphous se.emum, se.ernum alloys such as selenium-relhmum, 
seienium-tellurium-arsenic and selenium— cadmium su.phose,enide, cadmmm 
selenide, cadmium sulphide, and mixtures .hereof. For some embodiments, the charge 
generating compound comprises oxytitanium phthalocyanine (e.g., any phase thereof, 
hydroxygallium phthalocyanine or a combination thereof. 

The photoconductive layer of .his invention may optionally contain a second 
charge transport material which may be a charge transport compound, an e.ectron 
transport compound, or a combination of bom. GeneraUy, any charge transport 
compound or electron .ransport compound known in .he art can be user, as me second 

charge transport material. 

An electron .ransport compound and a UV light stabilizer can have a synergrshc 
rCationship for provrding desired electron flow within me pho.oeonduc.or. The presence 
of the UV Ugh. stabilizers alters me electron transport properties of the elechon transport 
, compounds to improve the election transporting properties of the composite. UV tight 
stabilizers can be utaavio.et light absorbers or u.tiaviole. light inhibitors .ha. .rap free 

radicals. TTV 
UV tight absorbers can absorb ultraviolet radiation and dissrpate >. as heat. UV 

Ugh. mhibftors are though, .o trap free radicals generated by .he ultraviolet tight and after 

5 .rapping of tire free radicals, subsequent* .0 regenera.e active ,ab,tizer moreUes w, 

enlrgy dissipation, tir view of .he synergistic re,a,ionstiip of .tie UV ,ab„.zers wftti 

e.ection transport compounds, .he particular advantages of me UV s te bi.izers may no. be 

, h eir UV s,abitizing abilities, afthough me UV seizing abi.ity may be tather 

advantageous in reducing degradation of the organopho.orecep.or over ..me. The 

,0 improved synergistic performance of organopho.orecep.ors with .ayers comprtsmg both 

action tiansport compound and a UV stabilizer are described tamer m copendmg 
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■ c • i xr,,™hPr 10/425 333 filed on April 28, 2003 to Zhu, 
US Patent Application Serial Number WMii,m r 

enffled -Organophotoreceptor With A Light Stabilizer," incorporated herein by reference. 

NonLthrg examples of suitable tight stabilizer mclude, for example hmder d 
gamine, such as Tinnvin ,44 and Tinuvin 292 (front Ctba Spec* C — 
Terrytown, NY), hindered aUroxydiaBrylaminea snoh as Tmuvm .23 ^ (torn C 
SpeTalw Chemicals), benzotiiazoles such as Tinnvan 328, Tinnvin 900 and Tmuvm 928 
Zab SpcctaH Chemicals), be.ophcnones snch as Sandnvor 304, (from O-J 
Corp Charione, N.C.), nidre, conrponnds snch as Arbestab (from Rob™ Brother* Ltd, 
2 Midlands, Oreat Britain), sahcyiates, cyanocinnama.es, ben^yhdene — 
henzoates, oxanrlides snch as Sandnvor VSU (from Clariant Corp., a--*W* 
n^ines snch as Cyagard UV-.164 (from Cytec Mdutfne, , ta, N.«n- 
Really hindered amines snch as Luchem (from Atochem Norm Anrenca, Buffalo, NY> 
L some embodiments, the Hgh, stabilizer is selected from the gronp consisting of 
hindered trialkylamines having the following formula: 



15 



20 



25 



where R, R 2 R„ Rt, R* *. *. R »' R »' R " indePenden,ly • hydr ° 8en ' 

and X is a Unking gronp selected from the gronp consrstmg of -0-CO-(CH 2 V 

where m is between 2 to 20. 

The binder generally is capable of dispersing or disao.vmg the charge transport 
mat e ri a, (in the case of the charge transport .ayer or a single layer con— *e 
charge generating compound (in the case of the charge generatmg layer or a smgle lay 

In) anL an electron transport compound for appropriate embodrmen, 
rlp,s o suitable binders for both me charge generating .ayer and change transport 
ay 7 general* inc.nde, for example, po.ystyrene-co-buradrene, po,ystyrene-co 
X ole, modifred acrync powers, polyvinyl acetate, styrene-aUcyd resms so a 
X.tesin S ,po.yviny,h,o ri de,po.yvinytidenech,o ri de,^ 
o, aorytie acid, polyacry.ates, pol^ethacrylates, styrene powers ^bn^, 
Id resins, polyamides, po.ynrethanes, polyesters, po.ysu.fones, polyethers, 
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ketones, « resins, W — J* £££ 

oly(hydro X yeu,r) resins, polystyrene reams, nov* 

! , h 9S BX 1 and BX-5 from Sekisui Chemical Co. Ltd., Japan. 

*JTZ* — ~ — — -~ ffid 

combinations thereof. thickness from about 10 to 

The nhotoconductive element overall typically has a thickness from 

,„ the dnal-layer embodiments having a separate charge general 
0 abou. 45 microns. In the dnal laye has g 

thickness form about 0.5 to aouu 

i. * t<; m^mtis In embodiments in wnicn inc ^ & 

— -yer, me electron J m about , mto n to abou, 3 

„ deg.ada.ion of the photoreceptor by corona gases. A P-n 
to art win recognize .bat additional ranges of thtckness wrthm the explicit 
are contemplated and are withinthe present disclosure. 

rvnerallv for the organophotoreceptors desenbed herein, the etiarg g 
Generally, I P in ^ 

» compound is m an amoun £ -~ about 15 weight percent and in other 
^ tsman-unn ^^toaboutlOweightpe^^asedonmeweigh. 
^diments m an ^oun, fro «* ^ ^ _ ^ fom ^ 

of the photoconducttve layer. The clung P ductive layer , in 

„ to abou, SO weigh. percent^ - - ^ ^ ^ m other 

30 further embodiments man amount from about 35. 

e^odimems from about 45 ,o abou, 55 weigh, percent, based on me weigh. 
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weight of the photoconductive layer. The binder is in an 

v, H nn the weight of the photoconductive layer, and in further 

' -rrrr — :~r: 

♦ rt laver the charge generation layer generally compnses a binder in an 

l5 about 75 weight percent, based on the weigh 

beinanamountofatleastabout2.5weightpercent,inturt 

25 For the embodiments with a single layer havmg a eharge genera, g P 

char ge transport malerial, an. a cbarge generation compound The charg^^ 
eomponnd ean be in an amonn. & om about 0.05 to about 25 wetght p«a 
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- - ,** — » ™- " """" * 

percent. OpoonaUy, toy — ^ ^ second 

10 ffansport material may comprise a seconocnag r ^.j 
charge transport materia., if present, genera,* can be in an anronn, of a. leas, abon 2, 
2, emit in further embodiments from abon, 4 to about 30 werght percent and 

1 5 that additional composition ranges within the explicit v 
above are contemplated and are within the present disclosure. 

in seneral any .ayer with an elecbon transport .ayer can advantageously further 
M ude a rirlbL. hr particular, me eleehon transport ,ayer genem„yca» 
r-JL -port compound, a brnder, and an optional UV Ught 
20 . Lrcoa, .ayer coming an e.eclmn ^—d . — » 

T:™,"— ncom^daadeaoHbedabovemaybeuaed 
TZZZ^ P— ors descnbed here, T he elect™ , — 

contemplated and are within the present disclosure. 
,0 The UV Ught stabilizer, if present, in any one or more appropriate .ayers 
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„ some embodiments in an amount from abou, 1 «o about 10 weigb, percent, baaed on 
i; of the particular .aye, A person of ordinary akiU In tbe ar, w„, recogmae ma, 
lit, ranges of commons wttbrn tbe explicit ranges are contemplated and are 

within the present disclosure. . 

For example, the pbotoconducttve layer may be formed by dtspersmg 
dissolvtttg .be components, sucb as one or more of a cbar g e generattng eompoun , d, 
charge transport material of tbia invention, a second cbarge transport matena ucb aa 

Hymeric binder in organic solvent, coabng tbe dispersion artd/or so.utton on * 
I I nndenying layer and drying tbe coating. In particular, tbe components «- b 
ZlbyHgTlearbomogemza 

(s l) miUing or otber size reduction processes or mixing means known tn tbe art 

effecting particle size reduction in forming a diaperston. 

"epbotoreeeptormayopttonaUybaveoneormoreaddittonaUayeraaawe . An 

addidona, llyer can be, for example, a sub-layer or an overcoat ,ayer s- as a ba^r 
lay er, a release layer, a protective layer, or an adbestve .aycr. A ^ ^ 
Lective layer may form me uppermost layer of tbe pbotoconductor element. A barn 
lay b sandwicbed between tbe release layer and tbe pbotoconducttve elemen 
Zl overcoat .be pbomconductive elemen.. Tbe barrier ,ayer ~~> ~2 
, from abraaton .0 .be underlayera. An adbeaive ,ayer locates and mtprovea i. — 
between a pbotoconducttve element, a barrier layer and a release layer, or »y 
rLnW. A sublayer ,s a cbarge blockmg layer and to-*-* 
electrically conductive snbsttate and .be pbotoconducttve element. Tb sub layer may 
^improve tbe adbesion between tbe electrically conductive substrate and me 

!5 photMo ^:;'::u - c„a,in gs - a, — 

..oxano.-couoida. ^c^^^^^^<^^^ 
^organic btnders sucb aa po.yvtny. alcobol, metby. vinyl emer/maletc anb^nde 

Zer casein f^wa^V*^*^^**"^ 
lie, poUona.es, polyvinyl bu.yra,, polyvinyl aeetoaceta,, polyvmy, formal, 
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eellulose polymers, and mixtures thereof. 

may eon,n - — ^^-^tL -n - Paten, 

An Oreanic Polymer And Silica," incorporated herein by reference. The 
Compnsmg An Organtc Polym ^ ^ ^ ^ fc 

1 —rrtrir; - ^ — 

som e emb— *e _ or a 

fluorosilicone polymer, stlane, potye y t ^„„ lvme rs 
• ,. f Th, release layers can comprise crosshnked polymers, 
eombinatton thereof. The release laye ^ 

The release layer may compose, for example, any fl „ orinate d 
, • ..ear, in some embodiments, the release layer compnses a flnonnated 
.5 known ,» * art In so 

pdymer, srioxane polymer, flu Uc acid) , uret hane 

propylene, ^ — -acrylic resins, or a 

resins, urelhane-epoxy resins, acrylate aosslink ed 
combination .hereof. In former embodiments, me release layers comp 

20 polymers. „w^rentor tarn chemical and 

The protective layer can protect the organophotoreceptor tt 

, ,■ The orotective layer may comprise any protective layer 
mechanical °^ g^fo^me embodiments, the protective layer is a fluorinated 

"!£ Irosili cone polymer, polysilane, polyethylene, 
poly mer, siloxane polymer, methacrylate . c0 . me «hacrylic acid), methane 

" P *° P T POl r^: nre—c resins, or a 

— oT layer may comprise an ™ — 
^i«a tt S Patent Application Senal No. 10/3yo,:>:>o, n» 
30 further in copending U.S. Patent a PP 

2003 to Zhu et al. entitled, "Organoreceptor With An Electron 
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. «• „ For examole, an electton transport compound, as 
in c„rporated herein by referent ^ ^ ^ 

aescrtbed above, may be used ,n * . «*. ^ 2 ^ ^ ^ 

transport compound in the overcoat layer can be an 

^trelnlnand about * microns te k A person of ordinary skill 
Ltiri;: L addition, ran. o f compost and ttuckness wtthm the 

::rr P ^™ppai^-— 

liquid toners are known n the ^ particles can comprise a colorant/pigment, a resin 

ratio can be from l.i io iu.i, oi onm/fmjmQ entitled 

, u j it o p a tent Appl cations 2002/012834^, enuucu 
3„ are described further ,n Pub ^ J ^ ^ ^ 

-Liquid Inks Comprising A Stable Organosol, 
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Casing Treated Coioran. Particles," and 2002/0.97552, enut.ed "Phase Change 
reference. 



5 fl -?S!^l. an exceptor contuses a char, hanspor, 
material having the formula 




— 1 (1) 
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1 n where n is an integer between 2 and 6, inclusive; 

10 " an, P. are, urdependenUy, - *> - ** — « " "f ~ 

alkylsulfonylphenyl group or a (9H-fluoren-9-ylidene)benzyl group; 

R) Id Jure, independent H, hahagen, carbosy,, hydroxy,, thiol, oyano, nrho 

group, an alkaryl group, or an aryl group; 

X is a linking group having the fomnua .(CH,V, branched or hnear, where n, ,s 
„ integer between 0 and 20, indusive, and one or more of the tnethyiene groups ts 

I nly topped hy O, S, OO, 0*0, a heterocyclic group, an aromattc group, 
optional y v where Rs> 

?n urethane urea, an ester group, a NR 5 group, a ^ni^ gru F , 

C - * - i^P— H, an a,kyl group, an .kary, .ou P , a heterocychc 

W ;i:;:ltc, N ,0,S,a tea nched M ^-(CH 2 V^wherepi S an 
integer between 0 and iO, an aromatic group, a cyc.oauty, ^oup, a heterocychc ^oup, or 
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a NR 9 group where R 9 is hydrogen atom, an alky! group, or aryl group, wherein Y has a 
structure selected to form n bonds with the corresponding X groups. 

Specific, non-limiting examples of suitable charge transport materials wnhm the 
general Formula (1) of the present invention have the following structures: 






(4) 
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(12). 
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Synfligsis Of Charge Transport Materials 

Jtt -1^^^^ materials of this invention can be prepare 

by a 2-step synthesis procedure. The first step is the reaction of 9-fluorenone-4-carhonyl 

lide or its derivative ^t^*^*^^"^ 

ally with a catalytic amount of a trialkylamine, to form a 

The second step is the reaction of the dimeric fluorenone 

:2 mole ratio under acidic conditions to form a 



compound in a solvent, optional 
dimeric fluorenone derivative, 
derivative with a hydrazine derivative in 1: 



15 



dimeric fluorenone hydrazone derivative. 

The invention will nowbe described furtherby way of the following examples. 
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EXAMPLES 

Examp le 1 - Sj^thesiLA^^ 

This example described the synthesis and characterization of Compounds 2-12 m 
winch the numbers refer to formula numbers above. The characterization involves both 
chemical characterization and the electronic characterization of materials formed wtth the 
compound. 

Potion of <* -R...~w™rhonvl-0 fluog nylid^malouonitrile 

A 70 g (0312 mole) quantity of fluorenone-4-carboxylic acid (commercrally 
avatlable from Aldrich, Milwaukee. WI), 480 g (6.5 mole) of n-butano> (commerctally 
obtained from Fisher Scientific Company me., Hanover Park, IL), 1000 m, of toluene an 
4 ml of concentrated sulfuric acid were added to a 2-h.er round bottom flask eqmpped 
witt, a mechanical stirrer and a reflux condenser with a Dean Stark apparatn, The 
,j solution was refluxed for 5 hours with aggressive agitation and refluxing, dunng winch 
about 6 g of water were cottected in the Dean Stark apparatus. The flask was coo.ed to 
room temperatnre. The solvents were evaporated and .he residue was added to 4-hter of 
3% sodium bicarbonate aqueous solutton with agnation. The soltd was filtered off, 
washed with water until the pH of the water was neutral, and dried in the hood ovemrght 
20 The product was n-butyl fluorenone-4-carboxy.ate ester (70 g, 80% yield). A H-NMR 
spectrum of n-butyl flu„renone-4-carboxylate eater was obtained in CDC1 3 by a 300 MHz 
NMR from Bruker Instrument. The peaks were found at (in ppm) 8 = 0.87 -1.09 (t, 3H), 
, . , 42 - 1.70 (m, 2H); 6 - 1.75 - 1.88 (q, 2H); 5 - 4.26 -4.64 (., 2H); 8 - 7.29 -7.45 
(m, 2H); 5 = 7.46 -7.58 (m, 1H); 5 = 7.60 - 7.68 (dd, 1H); 5 - 7.75 - 7.82 (dd, 1H); 8 - 

25 7 90 -8.00 (dd, 1H); 8 - 8.25 - 8.35 (dd, 1H). 

A 70 g (0 25 mole) of n-butyl fluorenone-4-carboxyla.e ester, 750 ml of absolute 
methanol, 37 g (0.55 mole) of malononitrile (commercially obtained from Srgma- 
Aldrich, Milwaukee, WI), 20 drops of piperidine (commercially obtained from Srgma- 
Aldrich, Milwaukee, WI) were added to a Miter, 3-»eck round bottom flask eqmpped 

30 with a mechanical stirrer and a reflux condenser. The solution was refluxed for 8 hours, 
and the flask was cooled to room temperature. An orange crude product was filtered, 
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washed twiee with 70 ml of methane, and onee with 150 ml of water, and dned in the 
hood for overnight. This orange crude product was reorganized from a mixture of 600 
„,! of acetone and 300 ml of methanol using activated charcoal. The flask was placed a, 
0 »C for 16 hours. The crystals were filtered and dried in a vacuum oven at 50 °C for 
hours to obtain 60 g of pure (4-n-bu.oxycarbonyl-9-flnorenylidene) malononitnle. The 
nrdnng point was 99-100 °C. A 'H-NMR spectrum of (4-n-bu,„xycarbonyl-9- 
fluorenyhdene) malononhri.e was obtained in CDC1 3 by a 300 MHz NMR from Bruker 
msmunent. The peaks (in ppm) were found at 6 = 0.74 - 1.16 (t, 3H); 6 = 1.38 - 1.72 
(m 2H); 6-1.70 -1.90 (q, 2H); 6 - 4.29 - 4.55 (., 2H); 8 = 7.31- 7.43 (m, 2H); 5 = 7.45 
- 7.58 (m, 1H); 6 - 7.81 - 7.91 (dd, 1H); 5 = 8.15- 8.25 (dd, 1H); 6 - 8.42 - 8.52 (dd, 
1H); 8 = 8.56 -8.66 (dd, 1H). 
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Pre paration o f Compound (2) 

A 10 0 g quantity of 9-fluorenone-4-carbonyl chloride (0.04 mole, obtained from 
Aldrich Chemica,s Co, Milwaukee, WI 53201, USA), and .00 m, of tehahydromran 
(obtained from A.drich) were added to a 250 m. 3-neck round bottom flask equipped w,th 
a reflux condenser and a mechanical stirrer. The solution was stfrred for abon, » hour, 
then 5 16 g of 4 4MWobisbenzenethiol (0.02 mole, obtained from Aldrich) m 50 ml of 
tetrahydrofuran were added followed by Ore addition of 4.17 g of triethylamine (0.04 
20 mo,e, obtained from Aldrich). The solution was refluxed for 6 hours, filtered ho. to 
remove triethylamine hydrochloride sal, byproduct and the nutate was evaporated to 
dryness to obtain a firs, dinreric fluorenone derivative. The first dinreric fluorenone 
derivative was recrystallized from tetrahydrofuran / methanol with activated charcoal. 
The first dimeric fluorenone derivative was dried at 60 °C vaeunm oven for 6 hours to 
25 yield a yellow solid (6.85 g, 50 % yield). 

The first dimeric fluorenone derivative (10.00 g, 0.0151 mole) and 200 ml 
tetrahydrofuran (THF) were added to a 50O m. 3-neck round bottom flask equipped wtth 
a reflux condenser and a mechanical stirrer. The flask was heated by heating mantle unn. 
all of the solids dissolved into solution. N-methyl-N-phenymydrazine (3.78 g, 0.031 
30 mole, obtained from A.drich, Milwankee, WI) was added followed by the addition of 10 
drops of 37% aqueous hydrochloric acid. The so.ution was refluxed for 4 hours. The ho. 
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button was added s,ow,y to a Miter beaker containing 600 ml of ethyl alcohol. Stirring 
li e— for a hour period, and Ore soitd was filtered off. The product w* 

^stani, — ^T*,S A* 
isola ,ed and dried a, 50 °C vacuum oven for 6 hours. The yreld was 5.42 g (42/.). A H 

indent) of: Anpharic protons: S = 3.36 - 3,6 (s, 6H). Aromatic protons appeal 
the region 5 = 6.96 -8.22. 

QSM!iSafiI£2aB ^ H ' Hve (10 00 g 0 0151 mole) and 200 ml THF 

! The first dimeric fluorenone derivative (10.00 g, U.OlM m , 

a ntechanical stirrer. The flask was heated by heating man,, unfil a o th ^ 
dissolved into sohmon. A solufion of N-N-diphenymydrarine hydrochlond ( .84g 
0 3, mole obtained fiom Aldrich, Milwaukee, WI) in 100 ml THF was acided The 

15 2 IT-— **«~ Theho t so,nfi„nwasaddefls,ow,y.oa,.l,.erbeak. 
I!li»g600m,ofethyla,coho,. Stirring was continued for a Vi hour period, and the 
containing ouu THF/ethvl alcohol contaimng 

solid was filtered off. The product was reorganized ftom THF/ethy 
^vated charcoa,. The product was iso.ated and drted a, 50 °C vacuum ov«i for 6 hou. 
was 8.43 g (56 %,. A 'H-NMR spectrum in CDC, yielded chenuca ah 

20 L) (-ing 3<» MH* H-NMR Bruker instrument) of aromatic protons appeanng m 
region 8 = 6.93 -8.27. 

^t^^T^^ chloride (0.02 mole, ob.n. fiom 

25 Aldnch ChemLls Co, Milwaukee, WI), ,00 m, of tetrahydrofuran (obtained fiom 
Aldrich) were added to a 250 ml, 3-neck round bofiom flask capped wtth a eflux 
^1 and a meebantca, stirrer. The solution was stirred for about K hour and men 

LLd, foUowed by me -non of 2 g of triemyiamtne (0.02 
30 Aldrich) The soWion was reflmted for 6 hours, filtered ho, to remove me, y.amtne 
^.oridesal.by.roduc.and.hefilfia.ewasevapora.ed.odrytress. A liquid product 
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was obtained that solidified upon standing at room temperature for coupie of hours. The 
cn.de product was realized from e*yl acetate with activated charcoa.. The product 
was dried at 60 °C vacuum oven for 6 hours to yieid a second dimeric fluorenone 

■i ...J n s o 4W„ vield) The product had a melting pomt 
derivative which was a yellow solid (2.5 g, 43 /.yieioj. r 

of 101-102 °C A 'H-NMR (300 MHz) spectrum in CDC1, yielded chemical shifts (5 m 
PP m) of: U5 - 1.6. (m, 12H); 1.7. - 1.92 (,, 4H>; 4.34 - 4.47 (t, 4H); 7.32 - 7.37 (m, 
4H); 7.50 (td,2H); 7.70 (d,2H); 7.82 (dd,2H); 7.93 (dd,2H); 8.28 (d,2H). 

Compound (4) can be obtained similar to Compound (2) except the firs, dimenc 
fluorenone derivative is replaced with the second dimeric fluorenone denvatrve. 

Pre paration of Tntripound (5) 

-^^J^lne-4-carbony. chloride (0.04 mole, obtamed ftom Aldnch 
Chemicals Co, Milwaukee, W, 5320., USA) and .00 ml of letrahydrofirran 
torn Aldrich, were added to a 250 ml, 3-neck round bottom flask emupped w,,h eflux 
^denser and a mechanical stirrer. The solution was stirred for about, hou^and hen 
2 ,5 g of ,,5-pen.anedio. (0.02 mole, obtained from AUtach) in 50 ml of 
lelmhydrofiarru, were added, followed by ft-e addition of 4,7 g of Iriemyhunine (0.04 
mo ,e, obtained from Aldrich). The solution was refluxeft for 6 hours, fiftered o 
r emove Irielhylamine hydrochloride salt byproduct, and the filtrate was evapor* 
1 dryness where me product was obtained. The cn.de product was r*rys».hzed from 
^activated charcoal. The product was dned a. 60 X vacuum oven for «■«. 
t0 yield a third dimeric fluorenone derivative, which was a ye.low sohd (6 6 g, 
Z> Theprodne.hadame,.mgpoi».ofl.9-120T. * « (300 M^h™ 
Ickyie.dedchem i ca. S hifta ( ppm)»f:.,0-.,7,m,2H,;T82^ 
3 - 4.52 (., 4H>1 7.23 - 7.4, (m, 4H); 7.45 - 7.54 (Id, 2H); 7.66 - 7.74 (d, 2H), 7.78 -7.85 
(dd 2H); 7.87 - 7.94 (dd,2H); 8.23- 8.32 (d,2H). 

' Compound (5) can be ob^ined similar «, Compound (2) except me firs, dimenc 
fluorenone derivative is replaced wilh ftte third dimeric fluorenone denvahve. 
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Pre paration o f Compound (6) 

A 10 0 g quantity of 9-fluorenone-4-carbonyl chloride (0.04 mole, obtamed from 
Aldrich Chemicals Co, Mi.waukee, WI 5320,, USA) and 100 ml of .elrahydroforan 
(obtained from Aldrich) were added to a 250 ml, 3-neck round bonom flask eqmpped 
5 with a reflux eondenser and a mechaniea. stirrer. The solution was stirred for about A 
hour, and then 2.186 g of dielhylene glycol (0.02 mole , oblained from Aldrich) m 5 *1 
oHe.rahydrofl.ran were added, followed by the addition of 4,7 g of methyiamme (0.04 
mo ,e „b<ained from Aldrich). The solution was refluxed for 6 hours, filtered ho to 
re move tiiemylamme hydrochloride sal, byproduct and .he filtrate was evaporate dh> 
10 dryness .0 ob.ain me crude produc.. The crude produc. was recrystalfized ftom ethyl 
aee,a.e with ac.iva.ed charcoal. The produc, was dried a. 60 °C vacuum oven for 6 hours 
,o yield a fourth dimeric fluorenone derivative, which was a yellow sohd (5.0 g, 47/. 
yield) The produc. had a melting poin. of 137 °C. A 'H-NMR (300 MHz) spectrum in 
CDC1, yielded chemical shifts (ppm) of: 3.88 - 4.00 (,, 4H); 4.56 - 4.65 (,, 4H); 7.15 - 
,5 7.34 (m 4H); 7.40 - 7.49 (,d, 2H); 7.6,-7.68 (d, 2H); 7.7, - 7.77 (dd, 2H); 7,5 - 7,2 
(dd,2H); 8.20- 8.27 (d,2H). . 

Compound (6) can be obtained similar ,o Compound (2) exeep, me firs, dmrenc 
fluorenone derivative is replaced with the fourth dimeric fluorenone denvatrve. 



20 Pr- p"™ 1 '"" o f ^"".pound (7) 

A 10 0 g of 9-fluorenone-4-carbo„yl chloride (0.04 mole , obtained ftom Aldnch 
Chemica,s Co, Milwaukee, WI 53201 , USA) , 100 ml of tetrahydrofuran (obtained ftom 
Aldrich) were added ,o a 250 ml, 3-neck round boftom flask equipped w„h a reflux 
condenser and a mechanical stirrer. The solution was stirred for abou, K hour, then 3.09 

25 g of xylene glycol (0.0, mole, obtained from Aldrich) in 50 m, of leftahydroftuan 
were added followed by ,he addition of 4.17 g of ,rie,hy.anune (0.04 mole, ob,ame ftom 
Aldrich) The solution was refluxed for 6 hours, filtered ho, to remove tiiemylamme 
hydrochloride saH byproduc, and ,he filfrate was evaporaled ,o dryness ,o ob,am the 
cr ude produc,. The crude produc, was recrys,aflized ftom ethyl ace,a,e wi* activated 
30 charcoal. The produc, was dried a, 60 °C vacuum oven for 6 hours ,o ytfld a flfth 
dimeric fluorcnone derivative, which was a yellow sohd (5.8 g, 50 % yield). The produc, 
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had a melting point of 113-115 °C. A 'H-NMR (300 MHz) spectrum in CDCI3 yielded 
chemical shifts (ppm) of: 3.74 - 3.76 (t, 3H); 4.46 - 4.64 (t, 6H); 7.27 - 7.41 (m, 4H); 
7.44 - 7.57 (td, 2H); 7.65 - 7.72 (d; 2H); 7.75 - 7.82 (dd, 2H); 7.91 - 7.97 (dd, 2H); 8.21 
-8.34(d,2H). 

5 Compound (7) can be obtained similar to Compound (2) except the first dimeric 

fluorenone derivative is replaced with the fifth dimeric fluorenone derivative. 

Pre paration of Co mpound (8) 

A 10 0 g of 9-fluorenone-4-carbonyl chloride (0.04 mole, obtained from Aldrieh 
,0 Chemicals Co, Milwaukee, WI 53201, USA) and 100 ml of tetrahydrofuran (obtained 
from Aldrieh) were added to a 250 ml, 3-neck round bottom flask equipped wtth a reflux 
condenser and a mechanica) stirrer. The solution was stirred for about V, hour, and then 
904 g of 4.4--(9-fluorenylidene) bis (2-phenoxyethanol) (0.02 mole, obtained torn 
Aldrieh) in 50 ml of tetrahydrofuran were added followed by the addition of 4.17 g of 
triethylamine (0.04 mole, obtained from Aldrieh). The solution was refluxed for 6 hours, 
filtered hot to remove triethylamine hydrochloride sal. byproduct, and the filtrate was 
evaporated to dryness to obtain the crude product. The crude product was recrystalltzed 
from tetrahydrofuran with activated charcoal. The product was dried at 60 °C vacuum 
oven for 6 hours to yield a sixth dimeric fluorenone derivative, which was a yellow solid 
20 (9 0 g 51% yield). The product had a melting point of 137-138 °C. A 'H-NMR (300 
MHz) spectrum in CDCb yielded chemical shifts (ppm) of: 4.25 - 4.34 (t, 4H); 4.67 - 
4 77 (t 4H); 6.7! - 6.86 (m, 4H); 7.06 - 7.17 (m, 4H); 7.19 - 7.48 (m, 12H); 7.65 - 7.72 
(td, 2H); 7.72 - 7.79 (d, 2H); 7.78 - 7.84 (dd, 2H); 7.86 - 7.95 (dd, 2H); 8.22 - 8.33 (d, 
2H). 

25 Compound (8) can be obtained similar to Compound (2) except the first dnnertc 

fluorenone derivative is replaced with the sixth dimeric fluorenone derivative. 

Pre paration of Compound (9) 

A 10 0 g quantity of 9-fluorenone-4-carbonyl chloride (0.04 mole, obtained from 
30 Aldrieh Chemicals Co, Milwaukee, WI 53201, USA) and 100 ml of tetrahydrofuran 
(obtained from Aldrieh) were added to a 250 ml, 3-neck round bottom flask equipped 
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with a reflux condenser and a mechanical stirrer. Tire sohttion was stirred for about K 
and then 5.24 g of bis (2-hydroxyethyl) ,erephtha.a,e (0.02 mole, obtained from 
Aldrieh) in 50 ml of .efrahydrofttran were added followed by the addition of 4J7 g of 
methylamine (0.04 mole, obtained from Aldrieh). The solution was refluxed for 6 hours, 
5 fUtered ho, to remove triethylamine hydroehloride sal. byproduct, and the filtrate was 
evaporated til. dryness to obtain me crude product. The crude product was recrysta.hzed 
from ethyl acetate with activated chareoa,. The product was dned a, 60 °C vacuum oven 
for 6 hours to yie.d a seventh dimeric fluorenone derivative, which was a yellow soltd 
(7 0g 52% yield). The product had a melting point of 183-185 °C. A H-NMR(30O 
,0 MHz/specfrum in CDC, yielded chemical shifts oft 4.65 - 4.87 (t, 8H); 7.27 - 7.39 (m, 
4H); 7.39 - 7.5. (td, 2H); 7.65 - 7,4 (d, 2H); 7.80 - 7.88 ,dd, 2H); 7.9, - 8.00 (dd, 2H); 
8.06 - 8.15 (m,4H); 8.24- 8.33 (d,2H). 

Compound (9) can be obtained similar to Compound (2) except the firs, dtmene 
fluorenone derivative is replaced with the seven.lt dimeric fluorenone derivattve. 

15 

Proration o f Compound (10) 

A 10 0 g quantity of 9-fluorenone-4-carbonyl chloride (0.04 mole, obtamed from 
Aldrieh ChemicaU Co, Milwaukee, WI 53201, USA) and .00 ml of tettahydmmran 
(obtained from Aldrieh) were added to a 250 ml, 3-neck round bottom flask equtppe 
20 with a reflux condenser and a mechanical stirrer. The solution was stirred for about A 
hour and then 6.97 g of bis [4-(2-hydroxyemoxy) pheny.] su.fone (0.02 mo.e, obta,ned 
from Aldrieh) in 50 ml of tetrahydrofirran were added followed by the addition of 4.17 g 
of triethylanune (0.04 mo.e, obtained from Aldrieh). The solution was refluxed or 6 
hours filtered hot to remove triethylamine hydrochloride sal. byproduct, and the filtrate 
25 was evaporated to dryness to obtain the crude product. The crude product was 
recrys.al.ized from tetrahydrofruan with activated charcoal The product was dned a. 60 
•C vacuum oven for 6 hours to yield an eighth dimeric fluorenone derivative, which was 
a yellow solid (9.3 g, 60% yie.d). A 'H-NMR (300 MHz) spectrum in CDC1 3 ytelded 
, s r. am ajtrt 4HV 472 -4.81 (t, 4H); 6.95 -7.05 (m,4H); 
chemical shifts (ppm) of: 4.35 - 4.43 (t, 4H), <t. n „.«,« 
30 7.27 - 7.38 (m, 4H); 7.40 - 7.52 (dd, 2H); 7.66 - 7.74 (dd, 2H); 7.79 - 7.94 (m, 8H); 8.25 

-8.33(d,2H). 
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Compound (10) - be obtained similar to Compound (2) exeept the firs, dtmeric 
fluorenone derivative is rep.aced with the eighth dimeric fluorenone denvattve. 

5 ElSEaB A ^0^^-fluoren„„e-4-ea t bony 1 (0.04 mole, obtatned from Aldrich 
Chemicals Co, Mi— W> 5320!, USA) and 100 ml of tettahydtofuran 
from Aldricb) were added .o a 250 ml, 3-neck round bottom flask capped wtth a eflux 
condenser and a mechamca! stirrer. The sohttion was stirred for ™ 
4 08 , of hydroquinone bis (2-hydroxyemyl) ether ,0.02 mole, obtatned from AUnch) » 
10 50 m, of THF were added followed by the addttion of 4.17 g of ttiethylamme (0.04 mole, 
obtained flom Aldrich). The solution was refluxed for 6 hours, Altered ho. to remove 
diamine hydrochloride sa« byproduc,, and the fittrate was evaporated o ryness to 
obtain thecrudeproduct. The crude product was recced flom tettanydromran wtth 
activated charcoal. The product was dried a, 60 °C vacuum oven for 6 hours to yteld 
15 ninth dimeric fluorenone denvative, which was a yellow sohd (5.4 g , 43% ,e,d. The 
prod uct had a melting point of 163-164 °C. A H-NMR spectrum ,n CDC1 yre^ 

, \ r j« 4 38 ft 4HV 4 70 - 4.81 (t, 4H); 6.86 - 6.95 (m, 4H), 
chemical shifts (ppm) of: 4.26 - 4.38 (t, 4H), 4. /u v _ 

7 ,„ _ 7 .40 (m, 4H); 7.4, - 7,2 (td, 2H); 7.67 - 7.74 (d, 2H); 7.80 -7.87 (dd, 2H), 7.92 

8 01(dd,2H);8.27-8.36(d,2H). . 
20 Compound(..)canbeob«ainedsim i ,artoCompound(2)exceptmeflr,dtmenc 

fluorenone derivative is replaced with the ninth dimeric fluorenone denvattve. 

reparation of Compound (12) 

A tend, dimeric fluorenone denvative c» be prepared ,n a s.mtlar method to h 
25 preparation of me flrst dimeric fluorenone derivative except for using 2, 5-dimecapto-l, 3, 
4-thiadtazole (Aldrich, Milwaukee, Wf) instead of 4, 4Mhiobisben Z enethr„l. 

Compound ,12) can he obtained similar to Compound (2) except the firs, dtmenc 
fluorenone derivative is replaced with the tenth dimeric fluorenone denvattve. 
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Example. 2 - Pre paration o f nraannphotoreceptors 

rnm parative Sample A 

Comparative Sample A was a single layer organophotoreeeptor eoated on a 30 
mm diameter anodized a.utninum dnmt subs«ra.e. The eoating so.ution for the smgle 
5 ,ayer organophotoreeeptor was prepared by pre-mixing 2.4 g of 20 weight % (4* 
butoxyearbonyW-fluorenyhdene^ononimle in .etrahydrofhran, 6.66 g of 25 wetght A 
MPCT-10 (a eharge transfer material, eommereially obtained from Mi.sub.sh, Paper 
Mills Tokyo, Japan) in tetrahydrofuran, 7.65 g of 12 weigh. % polyvinyl »u.yral ream 
(BX-i eommereiaHy obtained from Sekisui Chemiea, Co. Ltd., Japan) in tetmhydrofuran. 
10 A 0 74 g quantity of a COM mill-base eontaining 19 weigh, % of htanyl 
oxyphthaloeyanine and a po.yvinyl bn,yra, resin (BX-5, commercially oMained from 
Sekisni Chemical Co. Ltd., Japan) at a weight ratio of 2.3:. was .hen added to the above 
mixture Tbe COM mill-base was obtained by milling 112.7 g of tttanyl 
oxyphthaloeyanine (eommereially obtained from H.W. Sands Corp., Jnpiter, FL) wuh 49 
,5 g of the polyvinyl bntyra. resin (BX-5) in 65! g of methy.emylke.one on a hon.on.al 
sand mill (model LMC12 DCMS, commercially oburined from Netzsch Incorporated, 
Exton PA) with 1-micron zirconium beads using recycle mode for 4 hours. After m.xmg 
on a mechanical shaker for abou. 1 hour, the single layer coating solution was nng coated 
orao the 30 mm diameter anodized a.uminum drum a. a rate of abou. 175 mm/mm. The 
20 coated drum was dried in an oven a. 110 °C for 5-10 minutes. The dry pho.conduc.or 
film thickness was 12 u ± 0.5 u. 
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rnm parative Sample B 

Comparative Sample B was a single layer organophotoreeeptor eoated on a 30 
mm diameter anodized aluminum drum substrate. The coating so.ution for me smgle 
,ayer organophotoreeeptor was prepared by pre-mixing 2.4 g of 20 weigh. % (4-n- 
bu.oxycarbonyl-9-flnore„ylidene)ma.o„onifri.e in tefrahydrofuran, 6.66 g of 25 we.ght /. 
MPCT-10 (a eharge transfer material, commercially obtained from Mteubism Paper 
Mills Tokyo, Japan) in .efrahydromran, 7.65 g of 12 weigh. % polyvinyl butyral resm 
(BX-'l commercial oblained from Sekisui Chemiea. Co. Ltd., Japan) in tefrahydrofuran. 
A 0 74 g quantity of a COM mill-base eontaining 19 weigh. % of tnanyl 
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oxyphthalocyanine and a polyvinyl butyral resin (BX-5, eommereially obtained from 
Sekisui Chemieal Co. Ltd., Japan) a. a weight ratio of 2.3:1 was then added to the above 
mixture The CGM mill-base was obtained by milling 112.7 g of titanyl 
oxyphthaloeyanine (eommereially obtained from H.W. Sands Corp., Jupiter, FL) with 49 
g of the polyvinyl butyral resin (BX-5) in 651 g of methylethylketone on a honzonta. 
sand mill (model LMC12 DCMS, eommereially obtained from Netzsch Ineotporated, 
Exton PA) with 1-mieron zireonium beads using reeycle mode for 4 hours. After mtxtng 
on a meehanieal shaker for about 1 hour, the single layer coating solution was ring coated 
onto the 30 mm diameter anodized aluminum drum at a rate of about 231 mm/mm. The 
coated drum was dried in an oven at 110 «C for 5-10 minutes. The dry photoeonductor 
film thickness was 15 u ± 0.5 u. 
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Com parativ e Sample C 

Comparative Sample C was a single layer organophotoreceptor coated on a 30 
nun diameter anodized aluminum drum substrate. The coating solution for the stngle 
iayer organophotoreceptor was prepared by pre-mixing 2.4 g of 20 weigh. % (4-n- 
bu.oxycarbonyl-9-fluorenylidene)ma.on„nitrile in tetrahydroftuan, 6.66 g of 25 werght % 
MPCT-10 (a charge transfer material, commercially obtained from Mi.sub.sh. Paper 
Mills, Tokyo, Japan) in tetrahydrofcran, 7.65 g of 12 weigh. % polyvinyl butyral resm 
(BX-1 commercially obtained from Sekisui Chemical Co. Ltd., Japan) in tetrahydrofuran. 
A 0 74 g quantity of a CGM mill-base confining 19 weight % of tttanyl 
oxyphthaloeyanine and a polyvinyl butyral resin (BX-5, commercially obtamed from 
Sekisui Chemical Co. Ltd., Japan) a. a weigh, ratio of 2.3:1 was men added ,o .he above 
mixture The CGM mill-base was obtained by milling 112.7 g of tttanyl 
oxyphthaloeyanine (commercially obtained from H.W. Sands Corp., Jupiter, FL) wrth 49 
g of dre polyvinyl butyral resin (BX-5) in 651 g of methylethylketone on a honzontal 
sand mill (model LMC12 DCMS, commercially obtained from Netzsch Incorporated, 
Exton PA) with 1-micron zirconium beads using recycle mode for 4 hours. After m,x.ng 
on a mechanical shaker for abou. 1 hour, the single layer coating solution was nng coated 
onto the 30 mm diameter anodized aluminum drum a. a rate of abou. 362 mm/mm. The 
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coated drum was dried in an oven a, 1 10 °C for 5-10 minutes. The dry pho.oconductor 
film thickness was 22 n ± 0.5 |i. 

5 Sample 1 was a singie .ayer organophotoreceptor coated on a 30 mm diameter 
anodized aluminum dmm snbsttate. The coating solution for .he single layer 
organophotoreceptor was prepared hy pre-mixing 2.4 g of 20 weight % Compound (2) m 
THF 6 66 g of 25 weight % MPCT-10 (a charge transfer material, commercially 
obtained horn Mitsubishi Paper Mills, Tokyo, Jap^) in .ettahydrofuran, 7.65 g of 12 
,0 weigh, % polyvinyl bntyra, resin (BX-1, commerciaHy obtained from 

Co. Ltd., Japan) in tetrahydrofuran. A 0,4 g q uan.i.y of a COM m,l,-base — g 19 
weigh. % of titanyl oxyphthalocyanine and a polyvinyl bu.yral ream (BX-5 
commereiaUy ob.ained from Sekisui Chemical Co. L.d., Japan) a. a weigh, ratto of 23: 
was then added .o the above mixture. The COM miU-base was obtained by mrihng 1 2.1 
,5 g of . ttanyl oxyphtha.ocyamne (commerciaHy obtained from H.W. Sands Co*., Jup.ter, 
FL) with 4, g of tire po.yvmy, butyra, resin (BX-5) in 651 g of me,hy,e.hy,ke,one on a 
borizonta, sand mi., (mode. LMC12 DCMS, commercial* obtained horn Ne,»h 
tacorporatcd, Ex.on, PA) with .-micron zirconium beads using recycle mode for our. 
After mixing on a mechanic, shaker for about 1 hour, the single layer coattng so.u 
20 was ring coated onto the 30 mm diameter anodized aUurtinum drrnn a, a rate of abo . 8 , 
^ The coated dmm was dried in an oven a, ..0 -C for 5-10 mmu.es. The dry 
photoconductor film thickness was 7 n ± 0.5 |i. 
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Sample 2 was a sing.c layer organopho.oreeeptor coated on a 30 mm diameter 
iodized aluminum drum substrate. The coating solution for .he single lay. 
„ rg a„opho,orecep.or was prepared by pre-mixing 2.4 g of 20 weigh. % Compound (2) n 
TOT 666 g of 25 weight % MPCT-.O (a charge transfer materia., commercta. 
obtained from Mftsubishi Paper Mills, Tokyo, Japan) in .ettahydroftrran, 7.65 g 
weigh. % polyvinyl butyra, resin (BX-., commerciafty obtained from Sek.su, Chemtca 
Co Ud Japan, in .ettahydroftrran. A 0.74 g quantity of a CGM mill-base containing 19 
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weidt. % of ti.at.yl oxyphthalocyanme and a polyvinyl butyra. resin (BX-5, 
commerciafiy obtained from Sekisui Chenuca, Co. Ltd., Japan) at a weigh, alio of 2.3: 
was then added to the above mixture. The COM mill-base was obtained by mtlhng 12.7 
g of titanyl oxyphthaloeyanine (commercially obtained from H.W. Sands Corp., Jnptter, 
PL) with 49 g of me po.yviny. butyra, resin (BX-5) in 65. g of memy.ethylketone on a 
boti.on.al sand mil. (mode, LMC12 DCMS, commercia„y obtained from Netzsch 
tocorporated, Exton, PA) with 1-micon zircomum beads nsing recycle mode for 4 hoars. 
After mixing on a mechanical shaker for abont 1 horn, the single layer eoahng so,u ho 
was ring coated onto the 30 mm diameter anodized alnminnm drnm a, a rate of about 138 
^nri. The coated drnm was dried in an oven a. 110 "C for 5-10 minn.es. The dry 
pholoconductor film thickness was 10 u ± 0.5 p. 



Sample 3 was a single layer ^photoreceptor coated on a 30 mm diameter 
moto d alnmmum drnm subsfrate. The coating solution for the single aver 
^photoreceptor was prepared by pre-mixntg 2.4 g of 20 werght % Compound (3) m 
TO 6 66 g of 25 we.ght % MPCT-10 (a charge transfer materia,, commerce 
obtained from Mitsubishi Paper Mi„s, Tokyo, Japan) ,n ****** . 7* 
weigh, % po.yv.ny, butyral resin (BX-L commerciafiy obtamed from Sek,sm Chenuc. 
Co. Ltd., Japan) in tetrahydrofitran. A 0,4 g q uan.i,y of a COM mifi-baae — 19 
weigh. % of fitany, oxyphthaiocyamne and a polyvinyl bu.yra, ream <BX -5 
commercially obtained from Sekisui Chemica, Co. Ltd., Japan) a, a wei^t ratto 
was then added to me above mixture. The COM mi,l-base was obtained by mfihn 1M 
g of fitanyl oxyphthaloeyanine (commerciafiy obtained from H.W. Sands Con.., Jup.ter, 
L) with 49 g of the po,yv,ny, butyra, resin (BX-5, in 65, g of memy.emyfitetone on 
Jzonta, sand mil, (mode, LMC12 DCMS, commerciafiy obtained from Nelzsc 
mcorporated, Exton, PA) w„h ,-micron zirconium beads using recyde mode for hours 
Admixing on a mechauica, shaker for about , hour, the sing, layer coatmg a. 
was ring coated onto the 30 mm diameter anodized ahmrinum drum a. a rate of ab 65 
21 The coated drum was dried in an oven a, 1,0 -C for M0 minutes. The dry 
photoconductor film thickness was 6 n ± 0.5 |i. 
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~^amp,e 4 was a s.og.e ,ayer organophotoreceptor coated on a 30 mm diameter 
iodized aluminum drum ~ The coating solution for the sing,e Uyer 

™ 6.66 g of 25 weigh, % MPCT-,0 (a charge transfer nratena,, commerc , 
obrai'ned from Mitsubishi Paper Mills, Tokyo, Japan, in .efrahydrofuran 7.65 gof 2 
weigh, % poiyvinyl bntyra, resin (BX-1, commercial obtained tan Sekisui Chenuca 
weigm/.py a o 74 e auantity of a CGM mill-base containing 19 

Co.Ud.,Japan)in,etrahydroiuran. A 0.74 g quanuty 01 

, weigh, % of titany, oxyphthalocyarhne and a polyviny, butyra, resin (BX 5 
eonLially obtained from Sexism Chemical Co. Ud„ Japan) a, a weigh, » oof X 3. 
was men added ,0 the above mixture. The CGM mil.-base was obtained by m.lhn 1 J 
g of toy. oxyphthalocyamne (comnrerciany ob,ained from H.W. Sands Corp., Jupner, 
PL 1 49 g!f ,he po.yviny, bntyra, resin (BX-5) in 65J g of memyletbylke.one on 

a h La, 1 m„, (mode, L MC,2 DCMS, eommerciaUy obtained fron 

Ate mixing on a mechanic, shaker for abon, , hour, ft. smg,e ,ayer coatmg so, 
I*.-!.-. — - — anodi.eda.nmi.n.ndrnm.ara.eoab.^ 
^in. The coated drum was dried in an oven a, , ,0 -C for 5-,0 minn.es. The dry 
20 photoconductor film thickness was 10 n ± 0.5 |i. 
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S^, 5 was a single ,ayer organopho.orecep.or coated on a 30 mm d,ame.er 
M alnminnm drum substrate. The coating solndon for the single ayer 
rga „opho,orecep,or was prepared by pre-mixing 2, g of 20 we ig h, % Compound (2 m 
Z g of 25 we ig M % MPCT-38 (a char g e bansfer ma,ena,, — a 
ob^ned from Mitsubishi Paper MiUs, Tokyo, Japan) in .ebahydrofhran 7,5 g of 2 
tight % po.yviny, butyra, ream (BX-1, eommercal.y obtained from Sek.su, Chenuc* 

weigh, % of toy, oxyphthatocyanine and a P o,yviny, bntyra, resrn (BX -5 
^ • ,r n i,H Tanan. at a weight ratio of 2.3:1 

commereially obtained from Sekisui Chemical Co. Ltd., Japan) gn 
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was then added to the above mixture. The COM mill-base was obtained by milling 1 12.7 
g of titanyl oxyphthalocyanine (commercially obtained from H.W. Sands Corp., Juptter, 
FL) with 49 g of the polyvinyl butyral resin (BX-5) in 651 g of methylethy.ketone on a 
horizontal sand mill (model LMC12 DCMS, commercially obtained from Netzsch 
; Incorporated, Exton, PA) with 1-micron zirconiurn beads using recycle mode for 4 hours. 
After mixing on a mechanical shaker for about 1 hour, the single layer coating so.utton 
was ring coated onto the 30 mm diameter anodized aluminum drum at a rate of about 194 
uun/min. The coated drum was dried in an oven at 110 °C for 5-10 minutes. The dry 
photoconductor film thickness was 13 u ± 0.5 u. 

0 

Sample 6 

Sample 6 was a single layer organophotoreceptor coated on a 30 mm dtameter 
anodized aluminum drum substrate. The coating solution for the single layer 
organophotoreceptor was prepared by pre-mixing 2.4 g of 20 weigh. % Compound (2) m 
(5 THF 3 33 g of 25 weight % MPCT-10 (a charge transfer material, eommerctally 
obtained from Mitsubishi Paper Mills, Tokyo, Japan) in tetrahydrofuran, 3.33 g of 25 
weigh. % MPCT-38 (a charge transfer material, commercially obtained from Mitsubtsh, 
Paper Mills, Tokyo, Japan) in tetrahydrofuran, 7.65 g of .2 weigh. % polyvinyl butyral 
resin (BX-1, commercially obtained from Sekisui Chemical Co. Ltd., Japan) tn 
20 tetrahydrofuran. A 0.74 g quantity of a COM mill-base containing 19 weight % of titanyl 
oxyph.ha.ocyanine and a polyvinyl butyral resin (BX-5, commercially obtained from 
Sekisui Chemical Co. Ltd., Japan) a. a weigh, ratio of 2.3:1 was .ben added .o the above 
nuxture The COM mill-base was obtained by milling 112.7 g of titanyl 
oxyphthalocyanine (commercially obtained from H.W. Sands Con,., Jupiter, FL) w„h 49 
25 , of the polyvinyl butyral resin (BX-5) in 65. g of metinylemylketone on a honzouta, 
sand mill (model LMC12 DCMS, commercially obtained from Netzsch Incorporated, 
Exton PA) witt. 1-micron zirconium beads using recycle mode for 4 hours. After mtxtng 
on a mechanical shaker for about 1 hour, the single layer coating solution was nng coated 
onto the 30 mm diameter anodized aluminum drum a, a rate of abou. 138 mm/mm. The 
30 coated drum was dried in an oven a, 110 °C for 5-10 minu.es. The dry photoconductor 
film thickness was 10 u ± 0.5 u. 
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Sample 7 

Sample 7 was a single layer organophotoreeeptor coated on a 30 mm mameter 
anodized aluminnm dram substrate. Th. coating solution for the single layer 
organophotoreeeptor was prepared by pre-mixing 1.16 g of 20 weigh. % Compound ) 
in THF 024 g of 20 weight % ET400 (a hydroquinone derivative commercially 
availaMe ftom Takasago Chemical Corp., Tokyo, Japan), 6.66 g of 25 weigh. % MPCT- 
,0 (a charge transfer material, commercially obtained torn Mitsubishi Paper MUls, 
Tokyo Japan) in tetrahydrofinan, 7.65 g of 12 weigh. % polyvinyl butyral ream (BX-1, 
commercial ob.ained from Sekisni Chemical Co. L.d„ Japan) in .etrahydrofnran. A 
0 74 g quantity of a CGM mill-base containing 19 weigh. % of titanyl oxyphthalocyamne 
and a polyvinyl bntyra. resin (BX-5, commercially obtained from Sekisni Chemtcal Co. 
L.d Japan) a. a weigh, ratio of 2.3:1 was ten added to dte above mixture. The CGM 
m i„-base was obtained by milling 112.7 g of titanyl oxyphthalocyanine (commercally 
obtained from H.W. Sands Con,, Jupiter, FL) with 49 g of the polyvinyl butyral ream 
(BX-5) in 651 g of methylethylketone on a horizontal sand mill (model LMC12 DCMS, 
eommercially obtained from Netzsch Incorporated, Exton, PA) with 1-micron zirconium 
beads using recycle mode for 4 hours. After mixing on a mechanical shaker for about 
hour, .he single layer coating solution was ring coa.ed onto the 30 mm diameter anodrzed 
aluminum drum a. a rate of abou. 119mm/min. The coated drum was dried in an oven a. 
110 "C for 5-10 minutes. The dry pho.oconduc.or film thickness was 9 p ± 0.5 p. 



) 



Sample 8 

Sample 8 was a single layer organophotoreeeptor coated on a 30 mm diameter 
anodized aluminum dnrm subsume. The coating solution for the sing,e layer 
organophotoreeeptor was prepared by pre-nnxing 2.4 g of 20 we,gh, % Compound (3) in 
THF 666 g of 25 weight % MPCT-38 (a charge transfer material, commercially 
obtained from Mitsubishi Paper Mills, Tokyo, Japan) in tefrahydrofuran, 7.65 g of 12 
weight % polyvinyl butyral resin (BX-1, commercially obtained ftom Sekisni ChemKal 
Co Ltd Japan) in tetrahydrotoan. A 0.74 g quantity of a CGM mill-base contaimng 19 
weight % of titanyl oxyphthalocyanine and a polyvinyl butyral ream (BX-5, 
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obtained from Sek.su, Chemica, Co. Ltd., Japtur, « ■ - £ - 
was ten added to the above mixture. The COM miU-base was obtatned by mtlhn 12 
Ilftl . oxyphthalocyanine (commerc iaUy obtained from H.W. Sauds Corp., Jupt.er, 

FL) w,th g o P commerc ially obtained from Netech 

: — , sbaker f or about , bour, ,be sing, iayer coattng -on 
1 ring col onto the 30 mm diameter anodtzed ataninum dntm a. a rate of ab .38 
21 The eoated drum was dried m - oven at U0 <C for 5,0 mmutes. The dry 
10 photoconductor film thickness was 10 p ± 0.5 p. 



15 



20 



25 



^p, 9 was a si„ g .e layer orgauophototeoeptor eoated on a 30 mm dtameter 

Z^l Mtrsubts, Paper M,s, Tokyo, Japan) ,n 

weigh, * MPCT-38 (a chazge transfer m.enai — « ^ 
Paper MiUs, Tokyo, Japan) tnteoahyoxofcran, 7.65 g of l2we,ght p yv 

mx 1 commercially obtained from Sekisu, Chenucal Co. Ltd., Japan) 
Tl 1^74 g quantity of a COM nun-base containing ,9 weigh. % of many, 
tetrahydrofuran. A 0.74 g quanttty comme rcially obtained from 

osyphthaiocyanine and a po.yviny, bu«yml ream ^ - ' ^ 
Se k i suiChem 1 calCo.Ud., J apan)a.awe, g h,ra,,oof2.3.Was«he 

Th, CGM mill-base was obtained by mtlltng 112.7 g ot t y 
a nf the oolwinvl butyral resin (BX-5) in om g ^ J 

g ot the poiyvmy! y ft v t »; ne d from Netzsch Incorporated, 

a ill rmndel LMC12 DCMS, commercially obtained trom 
sand mill (model LMC12 k mode for 4 hours. Aftermixing 

c +™ PA"! with 1-micron zirconium beads using 

, onto the 30 mm diameter anodized ahuntnum drum a, a rate of about 194 nun/ 
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♦ iiftT for 5-10 minutes. The dry photoconductor 
coated drum was dried in an oven at 110 C for 5 10 mm 

film thickness was 13 u ± 0.5 u. 



10 



15 



"^p.e ,0 was a sing, layer osmoreceptor coated on a 30 mm diameter 
.odi.ec a,— dnnn substrate. The eoating so.ution for the singie layer 
I ^photoreceptor was prepared by pre-mixtitg U6 g of 20 weigh, % Comp-P 

& om Takasago Chemical Corp.. Tokyo, .apart), 6,6 g of 25 wetgh, % 
charg e trartsfer — eo— »y obtatned from Mitsuh.sh, Paper MtUs, Toky , 
Ja pi hr tefrahydrofuran, , 7.65 g of 12 weigh. % polyvinyl butyrai ream (BX-. 
llciaUy obtained from Sefcisui Chemica, Co. Ltd., Japan) in tetrahydrofcran. A 

Z poiyvin i hotyrai restn (BX-5, — * — - «"» — £ 
Ud Japan) at a weigh, ratio of 2.3:1 was ,hen added ,o tire above mrxtitre. The COM 
llZl obtirtned by milling ,12, g of tilany, oxyphthalocyamne (—1, 
: 1 front H.W. Sands Corp., Jupiter, FL) wtih • g of * 
(BX . 5) , n 65, g of me^etone on a ^ 
commercially obtained from Netzsch Incorporated, Exton, PA) wtttt 
, b lnsing eoycle mode for 4 hours. Atier mixing on a mechanical shaker for abou, 

^nmdLatamteof about BSmm/mm. The coated d^ wasdrte tnanovena, 
110 -C for 5-10 minutes. The dry photoconductor film thickness was 10 „ 0.5 p. 



25 Sam ple 11 



30 



^anrp.e 1 , was a s,ng,e layer organopho.orecep.or coa,ed on a 30 mm tameter 
ainmtnnm drum substia,e. The coating solution for the smg, aye, 
OTg anopho,oreceptor was prepared by pre-mixing 2.4 g of 20 wetgM A (4 
Z^-fluorenyUdene^ononitiile tit tefrahydrofuran, 6.66 g o 25 wet^t . 
Compound (2) in tefrahydrofutan, 7.65 g of ,2 weigh, % polyvinyl butyra, ream (BX-1 
«ia> , obtained from Se« Chemtca, Co. Ud., Japan) in tetrabydrofuran. A 
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0 74 g quantity of a COM mill-base containing 19 weight % of titanyl oxyphthalocyanine 
and a polyvinyl butyral resin (BX-5, commercially obtained from Sekisui Chenncal Co. 
Ltd Japan) at a weight ratio of 2.3:1 was then added to the above mixture. The COM 
mill-base was obtained by milling 112.7 g of titanyl oxyphthalocyanine (commercially 
obtained from H.W. Sands Corp., Jupiter, FL) with 49 g of the polyvinyl butyral resm 
(BX-5) in 651 g of methylethylketone on a horizontal sand mill (model LMC12 DCMS, 
commercially obtained from Netzsch Incorporated, Exton, PA) with 1-micron zircomum 
beads using recycle mode for 4 hours. After m^ing on a mechamcal shaker for about 
hour, the single layer coating solution was ring coated onto the 30 mm dimeter anodrze 
alummum drum atarateof about 138mm/min. The coated drum was dned in an oven at 
1 10 »C for 5-10 minutes. The dry photoconductor film thickness was 1 0 u ± 0.5 u. 



15 



20 



25 



30 



Sample 12 

Sample 12 was a single layer organopho.orecep.or coated on a 30 mm dtameter 
anodized aluminnm drum snbstrale. The coaling solution for the sing.e layer 
^photoreceptor was prepared hy pre-mixing 2.4 g of 20 weigh, % (4* 
bo^ycarhonyW-flnorenylidenOmalononitrile in tetrahydrofitran, 6.66 g of 25 wetgh, A 
Componnd (3) in tetmhydrofuran, 7.65 g of 12 weigh, % po.yviny, bntyral resm (BX-1 
commercially ob,ained from Sekisui Chemical Co. Ltd., Japan) in tetrahydroftrran. A 
0 74 g quantity of a COM mill-base containing 19 weight % of titanyl oxyphthalocyamne 
and a polyvinyl bntyral resin (BX-5, commercially obtained from Sekisni Chemtcal Co 
Ltd ,apan)ataweigh.ra.ioof2.3:lwas.henadded«oU,eabovemixture. The COM 
nun-base was obtained by mining 112.7 g of titanyl oxyphthalocyanine (commerctal.y 
obtained from H.W. Sands Corp.. Jupiter, FL) with 49 g of the polyviny! butyral ream 
(BX-5) in 651 g of methylethyttxtone on a horizontal sand mill (model LMC12 DCMS, 
commercially obtained from Netzsch Incorporated, Exton, PA) with 1-micron zircomum 
beads using recycle mode for 4 hours. After mixing on a mechamcal shaker for about 
hour, the single .ayer coating solution was ring coated onto the 30 mm diameter anodtzed 
aluminumdrnmatarateofabou, 119mm/min. The coated drum was dried in an oven a. 
110 °C for 5-10 minutes. The dry photoconductor film thickness was 9 n ± 0.5 p. 
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j . meettaia ac isting ^ Zsesam omsmm^smm 

This example provides results of electrostatic testing on the organophotoreceptor 

samples formed as described in Example 1 . 

Electrostatic cycling performance of organophotoreceptor* described hereto wtth 
fluorenone hydrazone compounds can be determined using in-ho„se designed and 
developed test bed. Electrostatic evaluation on toe 30 mm drum test bed is designed to 
accelerate electrostatic fatigue during extended cycling by increasing the charge- 
discharge cycling frequency and decreasing toe recovery time as compared to drum test 
beds wito longer process speeds. The location of each station in the tester (distance and 
elapsed time per cycle) is given as follows. 



rirrtrn-titir test stations a rnmidthe30mmdrumjnZ7c] 


Tl /S. 


Station 


Degrees 


Total Distance, 
cm 


Total Time, 
sec 


Erase Bar Center 


0° 


Initial, Ocm 


Initial, 0 s 


Corotron Charger 


87.3° 


2.29 


0.18 


Laser Strike 


147.7° 


3.87 


0.305 


Probe #1 


173.2° 


4.53 


0.36 


Probe #2 


245.9° 


6.44 


0.51 


Erase Bar Center 


360° 


9.425 


0.74 



) 



The erase bar is an array of laser emitting diodes (LED) with a wavelength of 720 nm. 
that discharges the arrface of the organophotoreceptor. The corotron charger compnses a 
wire that permits the transfer of a charge to toe surface of toe organophotoreceptor at fas. 

processing speeds. . 

From the table, the first electrostatic probe (Trek™ 344 electrostattc meter) ts 
located 0.055 s after toe laser strike station and 0.18 . after the corotron charger. Also, 
toe second probe (Trek 344 electrostatic meter) is located 0..5 s from toe firs, probe and 
0.33 . from toe corotron charger. All measurement were performed a. 20 °C and 30/. 
relative humidity. 



42 



Attorney Docket No. 3216.25US01 (SH.-03-140) 

Electrostatie measurements were obtained as a eompilation of several tests. The 
firs, three diagnostic tests (prod.es. initial, VlogE initial, dark decay initial) are destgned 
,„ evaluate the electrostatic cyc.ing of a new, fresh sample and the las. .hree, idenfrca. 
diagnostic test (prod.es. final, VlogE final, dark decay final) are rnn after cychng of the 
sample (longrun). The .aser is operated a, 780nm, 600dpi, 50 nm spot size, 60 
nanoseconds / pixel expose time, 1,800 fines per second scan speed, and a 100% dnty 
cycle. The duty cycle is the percen. exposure of me pixel clock period, t.e., the laser ts 
on for the full 60 nanoseconds per pixel at a 100% duty cycle. 



10 Electrostatic Test Suite: 

1) PRODTEST: Charge acceptance (V„) and discharge voltage (V,,, s ) were 
established by subjecting .he samples to corona charging (erase bar always on) for toe 
complete drum revo.utions (laser ofl); discharged with the laser @ 780nm & 600dpi on 
the forth revolution (50 urn spot size, expose 60 nanoseconds / pixel, run a, a scan speed 
,5 of 1 800 lines per second, and use a 100% duty cycle); completely charged for the next 
three revohttions (laser oft); discharged with only the erase lamp @ 720nm on .he e.ghth 
revolution (corona and laser ofl) to obtain residual voltage <V„); and, finally, completely 
charged for .he las. toe revolutions (laser oft). The contrast voltage (V„) ts the 
difference between V, ec and V ils and the functional dark decay (V.) is the d.fferenee m 
20 charge acceptance potential measured by probes #1 and #2. 

2) VLOGE- This test measures the photoinduced discharge of the 
photoconductor to various )aser intensity levels by monitoring the discharge voltage of 
,he sample as a function of the laser power (exposure duration of 50 ns) with fixed 
exposure times and — initial potentials. This test measures the photomduced 
25 discharge of the photoconductor to various laser intensity levels by moni.onng the 
discharge voltage of the sample as a function of tire laser power (exposure duration of 5 
„ S ) with fixed exposure times turd constat initial potentials. The functional 
photosensitivity, S™™, and operational power settings can be determined from tins 

diagnostic test. . 
30 3) DARK DECAY: This test measures the loss of charge acceptance in the 

dark with time without laser or erase illumination for 90 seconds and can be used as an 
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10 



15 



indicator of i) .he injecfion of residua, holes from .he change generation layer .o .he 
charge transport .ayer, ii) the thermal liberafion of trapped charges, and ..,) the tnjecuon 

of charge from the surface or aluminum ground plane. 

4) LONGRUN: The sample was electrostatically cycled for 500 drum 

.volutions according to the following sequence per each sample-drum revolution. The 
samp ,e was charged by the corona, the laser was cycled on and off (80-.00- secrtons o 
discharge a portion of the sample and, finally, the erase lamp discharged the whole 

te Lple was never exposed, the second section was always exposed, the thud secfion 
was never exposed, and the final section was always exposed. This pattern was repeated 
tOT a total of 500 drum revolutions, and the data was recorded periodicauy, after every 

25th T After the LONGRUN test, the PRODTEST, VLOGE, DARK DECAY 
diagnostic tests were run again. 

The fol.ow.ng Tables lists the results from the prod.es, initial and prod.es. final 
diasrosfic tests. The values for fire charge acceptance voltage (Vace, probe #1 average 
vlge obtained from me third cycle), discharge voltage (Vdis, probe #1 average voltage 
obtained from the fourth cycle) are reported for the initial and final cycles. 



20 



Table 1. Dry Electrostatic Test Results after 500 cycles. 
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Sample / 


730 


100 


630 


199 


41 


514 


99 


415 


48 


Sample o 


714 


111 


703 


210 


40 


487 


81 


406 


37 
50 


Sample y 


968 


118 


850 


210 


47 


719 


106 


613 


Sample iu 


760 


82 


678 


210 


34 


513 


78 


435 


38 


Sample n 


1249 


1209 


40 


N/A 


904 


1192 


1163 


29 


640 


Sample 12 


962 


896 


66 


N/A 


481 


984 


911 


73 


550 


Comparative Sample A 


y\JJ 


61 


844 


210 


21 


618 


58 


560 


22 


Comparative Sample B 


967 


54 


913 


236 


21 


652 


55 


597 


30 


r^mnarativf SaiTUjle C 


1 1266 


62 


1204 


290 


25 


864 


63 


801 


34 
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Not , The data were obtained on a fresh samp.e a, Ore beginning of eyehng and 
xelgraphro process was determined frotn the information obramed dnnng 

and 1/spot size. 

* nndersrood by those atoned in the art, addition, sobsutntion — among 
witiront departing from the spirit and seope of the inventon 
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